BACKGROUND: There are currently two million cancer survivors in the United Kingdom, and in recent years this number has grown by 3% per annum. The aim of this paper is to provide long-term projections of cancer prevalence in the United Kingdom. METHODS: National cancer registry data for England were used to estimate cancer prevalence in the United Kingdom in 2009. Using a model of prevalence as a function of incidence, survival and population demographics, projections were made to 2040. Different scenarios of future incidence and survival, and their effects on cancer prevalence, were also considered. Colorectal, lung, prostate, female breast and all cancers combined (excluding non-melanoma skin cancer) were analysed separately. RESULTS: Assuming that existing trends in incidence and survival continue, the number of cancer survivors in the United Kingdom is projected to increase by approximately one million per decade from 2010 to 2040. Particularly large increases are anticipated in the oldest age groups, and in the number of long-term survivors. By 2040, almost a quarter of people aged at least 65 will be cancer survivors. CONCLUSION: Increasing cancer survival and the growing/ageing population of the United Kingdom mean that the population of survivors is likely to grow substantially in the coming decades, as are the related demands upon the health service. Plans must, therefore, be laid to ensure that the varied needs of cancer survivors can be met in the future.
It is estimated that approximately two million people currently alive in the United Kingdom have been previously diagnosed with cancer (Maddams et al, 2009) . These people are often described as 'cancer survivors', and are enumerated by cancer prevalence statistics. Projections of cancer prevalence can be used to estimate the future burden of cancer and inform the likely resources that will need to be allocated in order to meet the many and varied needs of the population of cancer survivors. They provide valuable intelligence to health service resource planners, as well as those responsible for providing care and support in the community to people affected by cancer and its treatment. Estimates of future cancer incidence and mortality are routinely produced by various bodies at local and national levels (NHS Scotland, 2004; Gatenby et al, 2011; Mistry et al, 2011; Thames Cancer Registry, 2011) , but projections of cancer prevalence are less common and currently there are no widely available national projections for the United Kingdom.
Cancer prevalence increases as new diagnoses are made and decreases as people previously diagnosed die, and is therefore a function of cancer incidence and survival. Population growth and changes in the age structure of a population can also each have a significant impact on cancer prevalence. Different assumptions regarding likely future incidence rates, survival and demographics can, therefore, independently influence projections of cancer prevalence, and it is of interest to explore different future scenarios when projecting cancer prevalence. For example, one may consider a scenario in which existing temporal trends in cancer survival and/or incidence rates continue, or one in which current rates remain constant into the future (Verdecchia et al, 2002; Heinavaara and Hakulinen, 2006; Tabata et al, 2008) .
In this paper, projections of cancer prevalence in the United Kingdom up to the year 2040 are presented for colorectal, lung, prostate and female breast cancer and all cancers combined (excluding non-melanoma skin cancer). In considering different scenarios of future incidence rates and survival, the influence of each is assessed independently from the influence of population demographic changes.
MATERIALS AND METHODS

A model for projecting cancer prevalence
The discrete time model for projecting cancer prevalence described by Fiorentino et al, 2011 was used. This model provides a framework for estimating future prevalence without incorporating explicit models of incidence and survival, and as such allows the construction and evaluation of different user specified projections of incidence and survival. Future cancer prevalence is estimated as a proportion of the current prevalent population plus an additional number of new cancer survivors. It is therefore a good model to use when a long time-series of cancer registry data is available such that current cancer prevalence can be estimated directly, and future cancer incidence rates and survival can be reasonably projected from existing trends.
Future incidence rates were estimated using an age-period Poisson regression model (Clayton and Schifflers, 1987) . Future survival, for both the current population of cancer survivors and those anticipated to be diagnosed in the future, was estimated by modelling the yearly probability of dying among cancer survivors; again, a Poisson regression model was used with the number of deaths of cancer survivors as the response variable and age, period and time since diagnosis as the explanatory variables. An interaction term between age and time since diagnosis was included to account for the fact that the risk of dying from a non-cancer cause generally increases with age. A log link function was used for both the incidence and survival regression models, and linear interpolation was used to obtain estimates at the 1-year resolution required by the model for projecting cancer prevalence.
Evaluation exercises were undertaken to explore the forecasting ability of this model for projecting cancer prevalence. By using a test data set and excluding the most recent 10 years of data, it was possible to compare projected and empirical prevalence estimates. These were found to agree to within 5% (Maddams, 2012) .
Data
Cancer registry data for England from the National Cancer Data Repository (National Cancer Intelligence Network, 2012) were used. This data set is an amalgamation of data from the eight regional cancer registries in England and provides complete geographical coverage of the country. Details of all registered diagnoses of cancer among residents of England in the period 1971-2008 (inclusive) were available and allowed estimates of 38-year limited duration cancer prevalence at the start of 2009 (i.e., the number of people alive on 1st January 2009 who had been diagnosed with cancer in the period 1971-2008) to be made directly. It is always possible for a small number of cancer registrations never to receive a death notification, leading to socalled 'immortals' in the data set. The impact of these immortals was diminished by imposing a maximum possible attainable age for all registered cancer patients of 99 years. Data were analysed using cohorts of survivors defined by sex and type of cancer: colon, rectum and anus (ICD-10 C18-C21), lung, bronchus and trachea (ICD-10 C33-C34), prostate (ICD-10 C61) and female breast (ICD-10 C50), as well as all other malignant neoplasms combined (ICD-10 C00-C97 excluding non-melanoma skin cancer C44 and those codes mentioned previously).
Historical and estimated future national population data were supplied by the Office for National Statistics (ONS). The 'principal' (i.e., the most likely) 2008-based projections of the size of the population of England and the United Kingdom, by age, sex and year up to 2040, were used (Office for National Statistics, 2012b). These forecast that the population of the United Kingdom will grow by almost 20% from 62 million in 2009 to 74 million in 2040. Additionally the population is forecast to become older, with the median age anticipated to increase from 37 to 41 years (males) and from 40 to 43 years (females), and the proportion of the population at least 65 years of age expected to increase from 16% in 2009 to 24% in 2040.
Analysis
Using these data, and the regression models described previously, projections of 38-year cancer prevalence in England up to the year 2040 (according to attained age, time since diagnosis, cancer type and sex) were made. These were then adjusted to account for survivors diagnosed 438 years previously (i.e., to give estimates of complete prevalence), using 'completeness indices' (Capocaccia and De Angelis, 1997) calculated previously as part of the work contained in Maddams et al (2009) . These are displayed in Table 1 . It was assumed that these indices (calculated based on prevalence data for 2005) applied for all years in the period 2009-2040; this was considered to be reasonable given that the required adjustments were small, although (as noted in Maddams et al (2009) ) completeness indices for male lung cancer may have been underestimated.
Estimates for England were generalised to the United Kingdom by assuming that the number of cancer survivors per 100 000 population was the same in the United Kingdom as in England in each broad age group (0-44, 45-64 and X65 years) and time since diagnosis band (0-1, 1-5 and X5 years). Although age-standardised incidence and mortality rates are lower in England than in the other United Kingdom countries (Cancer Research UK, 2011a, b) , this was considered to be a reasonable assumption given that, currently, the population of England accounts for B84% of the UK population (Office for National Statistics, 2012a).
Projection scenarios
Projections of cancer prevalence are dependent on the assumptions surrounding future incidence and survival that are made. The regression procedures described above can provide estimates under the assumption that existing trends in each will continue. However, for long-term projections (up to the year 2040) this assumption may not be realistic. For example, recent decades have seen advances in medicine that have, together with other factors, led to generally increasing survival for most types of cancer. It is perhaps optimistic to expect such increases to continue in the same way for the next 30 years. Other factors, such as the introduction of a breast cancer screening programme in the United Kingdom or the PSA test for prostate cancer, have caused rapid increases in recorded cancer incidence rates and changes to casemix which cannot realistically be expected to continue to 2040 as they are clearly the result of specific interventions. By the same token, it is not possible to anticipate the effect of any new public health initiative or screening programme that might be introduced in the future.
For these reasons, a range of estimates of future cancer prevalence were made, based on different assumptions regarding future incidence rates and survival. Two different assumptions were used: (a) the 'dynamic' assumption that specified existing trends would continue in the period 2009-2040; and (b) the 'static' assumption that specified age and sex-specific incidence rates and survival would remain constant from the most recent year for which data were available (2008) all the way to 2040. The model for projecting cancer prevalence was then run multiple times by applying each assumption to each of the inputs (i.e., incidence rates and survival) in turn, thereby defining a set of scenarios for which future cancer prevalence was estimated -see Table 2 . Implausibly high projections of prostate cancer incidence were obtained using the log linear regression model described previously (due to the particularly sharp increases seen in recent years as a result of the introduction of PSA testing as a screening tool (Evans and Møller, 2003) ), and therefore the dynamic assumption was not used for prostate cancer incidence. In all scenarios, population demographics were assumed to be dynamic based on the ONS projections. These do, however, incorporate assumptions about general population mortality rates (including those for cancer survivors), which are separate from, and potentially inconsistent with, the static/dynamic assumptions used here.
RESULTS
Under projection scenario 1 (in which incidence rates and survival are both assumed to be dynamic), the total number of survivors of all malignant neoplasms combined in the United Kingdom is estimated to grow by approximately one million every decadefrom 2.1 million in 2010 to 2.9, 4.0 and 5.3 million in 2020, 2030 and 2040, respectively ( Figure 1 ). Not only will there be more cancer survivors under this scenario, but they will account for a larger proportion of the population -from 2.8% of the male population in 2010 to 6.2% in 2040, and from 3.9% to 8.5% of the female population (Table 3) . However, the growth rate of cancer prevalence is projected to slow down over the 30-year period; the average annual percentage change in the number of survivors is projected to decrease from 3.7% in the 2010s to 2.7% in the 2040s for males, and from 3.3% to 2.9% for females (see Table 4 ).
The number of survivors of each individual cancer type, and the proportion of the population that they comprise, are also projected to increase substantially under projection scenario 1, with one exception: male lung cancer prevalence is projected to exhibit only modest increases in terms of numbers (0.3%, 0.3% and 0.1% per year in each decade between 2010 and 2040), and to decrease slightly in terms of the proportion of the population ( À 0.5%, À 0.3% and À 0.2% per year in each decade; see Table 4 ). This is in contrast to the prevalence of female lung cancer which is projected to increase by 4.7%, 4.6% and 4.1% (count) and by 4.0%, 4.0% and 3.8% (proportion of the population) in each decade. These are the largest projected proportional increases of any cancer apart from prostate cancer in the 2010s. Despite this, however, the number of female lung-cancer survivors will remain relatively modest under this scenario, accounting for just 3.1% of all female cancer survivors, and 0.3% of the whole female population, by 2040 (Table 3 and Figure 2 ). It is prostate cancer prevalence which is projected to increase at the fastest rate among males under projection scenario 1 (Table 4) , despite this scenario assuming static prostate cancer incidence rates from 2009 onwards. By 2040 the total number of prostate cancer survivors Incidence rates for prostate cancer were assumed to be static under scenarios 1 and 3, due to the unreliability of the projected prostate cancer incidence rates. Scenarios 3 and 4 are therefore the same as scenarios 2 and 1, respectively, for prostate cancer, and as such are omitted from Figure Figure 1 Total number of survivors of all malignant neoplasms combined (excluding non-melanoma skin cancer) in the United Kingdom, 2010-2040, under projection scenario 1 (dynamic incidence rates for all cancer types except prostate, dynamic survival and dynamic population demographics). Projections of cancer prevalence in the UK J Maddams et al is projected to have more than trebled to around 830 000, accounting for B2.3% of the male population overall (Table 3) and considerably more than this in the older age groups (figures not shown).
In the age groups under 65, the proportion of the population who are cancer survivors (all malignant neoplasms combined) is projected to increase modestly between 2010 and 2040 under projection scenario 1. However, more dramatic increases are projected for the oldest age group; the proportion of the population aged at least 65 years who are cancer survivors will almost double to 23.3% (males) and 24.9% (females) by 2040 under projection scenario 1 (Table 5) . Currently, a large majority of cancer survivors are aged 65 years and over; in 2009, the proportion was 66.7% among male cancer survivors and 59.4% among females. Under projection scenario 1 this will rise to 82.3% and 73.1% in 2040, for males and females, respectively (Figure 3) . By far the largest contributing cancer types in this age group are prostate and female breast (Figure 2) . Figure 4 shows the projected changes in the distribution of cancer survivors between different time since diagnosis bands under projection scenario 1. A large majority of all cancer survivors are currently at least 5 years beyond diagnosis, and this proportion is projected to increase from 55.2% in 2009 to 65.5% in 2040 for males and from 66.0% to 70.9% for females. Accordingly, the proportion of all survivors who are o5 years beyond diagnosis is projected to decrease. Nonetheless, the actual number of survivors who are o5 years beyond diagnosis is projected to more than double from 2010 to 2040, from around 800 000 to around 1.7 million (Table 6) .
Projection scenario 1 (in which incidence rates and survival were assumed to be dynamic) generally resulted in the highest projected cancer prevalence, and scenario 2 (i.e., static incidence rates and survival) in the lowest. For all malignant neoplasms and ages combined, the number of cancer survivors in 2040 was projected to be 5.3 million under scenario 1 and 3.5 million under scenario 2 (Table 5) . By comparison, scenarios 3 and 4 gave projections of 4.1 million and 4.5 million, respectively.
All projection scenarios for the majority of combinations of cancer type and sex resulted in increasing cancer prevalence ( Figure 5 ). The notable exception was, however, male lung cancer prevalence, which exhibited quite different patterns from that of the other cancer types studied. The number of male lung-cancer survivors is projected to remain roughly constant under projection scenario 1 (dynamic incidence rates and survival), to increase if incidence rates are assumed to be static (scenarios 2 and 4) and to decrease if incidence rates are assumed to be dynamic but survival static (scenario 3).
In most cases, each projection scenario resulted in substantially different prevalence projections. Perhaps the most notable exception was for female colorectal cancer for which there was little difference between the projections made under scenarios 2 and 3, and similarly between those made under scenarios 1 and 4 ( Figure 5 ). This is due to the fact that incidence rates of female colorectal cancer have been quite static in recent years, thus there is little difference between the static and dynamic assumption in this case.
DISCUSSION
The results presented in this paper provide a detailed set of projections of cancer prevalence in the United Kingdom for the next 3 decades, up to 2040. Given the inherent uncertainty involved in such long-term forecasting, four different scenarios of future cancer incidence rates, cancer survival and population demographics -the three factors which directly influence cancer prevalence -were considered separately ( Table 2) . The results for scenario 1 were given special consideration. This was the scenario under which empirical trends in cancer incidence rates and survival were extrapolated, without attenuation, from 2009 up to 2040. (Prostate cancer incidence rates were kept static, as the extrapolation results were considered to be extremely unrealistic in this instance). It should be kept in mind that this scenario is based on the simplistic, and in places optimistic, assumption that , by cancer type and sex, under projection scenario 1 (dynamic incidence rates for all cancer types except prostate, dynamic survival and dynamic population demographics). Proportion of total number of survivors in each attained age group.
existing trends in cancer incidence rates and survival will continue unabated for the next 30 years. Nonetheless, this scenario is the most empirically based of those presented. Of course, it is impossible to anticipate with any precision the future events and interventions that may effect changes in cancer prevalence -for example, new screening programmes, public health initiatives or cancer treatments. In certain instances, alternative scenarios to projection scenario 1 may be considered more likely based on other intelligence -for example, explicit estimates of the future effects of new and/or existing screening tools and programmes (Mistry et al, 2011) . A limitation of the present paper is the simplicity of the age-period model used to project cancer incidence rates. However, this model was chosen to illustrate what might happen if current trends continue unabated, and for comparison with scenarios in which no change in incidence rates was assumed.
In the United Kingdom, cancer incidence rates are generally increasing; of the cancers studied here, it was only incidence rates of male lung cancer that exhibited a decreasing trend in the period 1971-2008. Cancer survival is also generally increasing. The reasons for these observed trends vary according to the cancer type in question. For example, recorded prostate cancer incidence rates have increased rapidly since the introduction of the PSA test and, as many cancers are now being diagnosed earlier, recorded survival has also increased (Cancer Research UK, 2010; Evans and Møller, 2003) ; recorded female breast cancer incidence rates have increased because of greater public awareness of the early symptoms and the introduction of a national screening programme in England (NHS Cancer Screening Programmes, 2012); and male lung cancer incidence rates have declined due, mainly, to a reduction in the prevalence of smoking among men in England since the 1970s (Davy, 2006) . General increases in cancer survival have been brought about by advances in cancer treatment, as well as a greater focus on earlier diagnosis. Increasing cancer incidence and survival act to increase cancer prevalence, as the former means that more cancers are being diagnosed and the latter that people are living longer with cancer. Furthermore, the population of the United Kingdom is growing in size and is also ageing (Office for National Statistics, 2012c). Combined, these demographic changes also lead to increasing cancer prevalence as there are more people to be diagnosed with cancer and a greater proportion of these are in the older age groups for which cancer incidence rates are highest.
Projection scenario 1 resulted in the highest estimates of cancer prevalence for almost all cancer types, sexes and age groups. The main exception to this was male lung cancer, incidence rates of which have been decreasing in recent years. By considering the other three scenarios, the extents to which changes in cancer incidence rates, survival or population demographics are likely to affect cancer prevalence, if existing trends continue, can be quantified separately.
For example, almost identical projections of the number of female survivors of all malignant neoplasms combined were made under projection scenarios 3 (dynamic incidence rates and static survival) and 4 (static incidence rates and dynamic survival). This implies that, overall, the projected increase in female cancer prevalence due to increasing incidence rates is roughly the same as that due to increasing survival. By considering the projections of cancer prevalence under scenario 2 it can be seen that, even if incidence rates and survival were to remain constant from 2009 onwards, the number of male and female survivors would still increase. This is partly due to the growing and ageing population. However, the prevalence proportions in each age group will also increase under scenario 2, implying that static incidence rates and survival by themselves would act to increase cancer prevalence.
The age structure of the population of cancer survivors will, under projection scenario 1, become increasingly dominated by the oldest age groups: in 2040, 77% of all cancer survivors will be aged at least 65 years under this scenario. Perhaps even more notably, it is projected that in 2040 almost one quarter of all people in the United Kingdom aged at least 65 years will be cancer survivors -the equivalent figure for 2008 was one eighth (Maddams et al, 2009 ). This result, in particular, highlights the potential for significant increases in the burden of cancer on health service and community care resources if current trends in cancer incidence and survival continue. It is vitally important, therefore, that careful plans are laid so that resources exist to meet the needs of cancer survivors in the future, particularly given the likely large increases in the number of survivors over the Projections of cancer prevalence in the UK J Maddams et al current retirement age and the impact of cancer on a person's fitness to work. The precise needs of cancer survivors in the United Kingdom, and how best to meet them, is the subject of ongoing research (Richards et al, 2011) but still more needs to be done. The results presented in this paper, and elsewhere, provide some further insight. Time since diagnosis has been shown to be a key indicator of the quantity of cancer-related acute health care utilised by the population of cancer survivors in the United Kingdom (Maddams et al, 2011a, b) . The first year following diagnosis and the last year of life contain the highest levels of acute cancer-related health service utilisation, but there is also a significant amount of usage in the period 1-5 years after diagnosis. Under projection scenario 1, the number of survivors in each of the time since diagnosis bands o1, 1-5 and X5 years will increase, but the number who are longterm survivors will increase at the fastest rate -by 2040, 69% of all survivors will be at least 5 years beyond diagnosis under this scenario, compared with 62% in 2009. This will have an impact on the quantity and nature of health and social care required by cancer survivors, with a greater focus on rehabilitation and the long-term, post-treatment effects of cancer.
It is hoped that the projections of cancer prevalence contained in this paper will be of use to health service commissioners and resource planners. The results highlight the potential for significantly elevated demands on health service resources in the future -the number of cancer survivors requiring initial and ongoing treatment during the first 5 years after diagnosis is likely to increase substantially as the population of the United Kingdom grows and ages, and as cancer incidence rates and survival continue to increase in general. It is clear, therefore, that adequate planning to ensure that the best possible use is made of available health service resources for cancer survivors is essential. Furthermore, as the population of cancer survivors becomes older, cancer will increasingly need to be considered as one of multiple co-morbidities, and efficient integration of different clinical specialities will be important. Health policies aimed at primary prevention, especially multi-factorial prevention including improving diet and reducing smoking and alcohol intake, should be reinforced as these represent the best strategy for arresting the present increasing trends in cancer incidence. The coming decades are likely to bring difficult financial circumstances, which will test the ability of statutory and voluntary organisations to meet the diverse needs of those diagnosed with cancer, but the work contained in this paper, and elsewhere, provides intelligence that may help us meet these challenges.
